maternal mortality. A child's risk of dying is highest during the first 28 days of life when about 42% of all under-five deaths take place, translating to about 2.6 million deaths annually (Wang et al., 2014) .
Undernutrition contributes significantly to these maternal and child deaths (Black et al., 2013) .
The current global framework under the Sustainable Development Goals have set global targets for both maternal and neonatal mortality as well as targets that specifically address achieving universal health coverage, which is an essential prerequisite to change in the mortality indices (UN, 2015; WHO, 2013b) . Aligned with this, experts currently propose that the main priority for reducing maternal mortality in developing countries should be to ensure that women have access to skilled birth attendants. The health sector however, faces several challenges and provision as well as utilization of services remains low. Health facilities tend towards curative and essential services, while preventive services-critical for nutrition-may be of lower priority (WHO, 2008) .
Actions to reduce maternal mortality for example, have focused attention on skilled attendant at birth and access to emergency obstetric care as crucial evidence-based interventions (Campbell et al., 2006) , despite the potential for reducing anaemia and preeclampsia through nutrition interventions (Pena-Rosas, De-Regil, Dowswell, & Viteri, 2012; WHO, 2011; WHO, 2012a) .
Demand barriers, such as the cost of health services, perceived lack of need for such services in "normal" pregnancy, and the long distances to reach health facilities are important limiting factors to improving health and health service utilization in many settings (Gabrysch & Campbell, 2009) . Even if demand barriers can be overcome, access to universal health care coverage is threatened by a variety of factors including human resource constraints at the health facility (Shrimpton et al., 2016) . Task shifting, which is a more rational distribution of tasks and responsibilities among health personnel, in these contexts has been proposed as a promising strategy for improving access to and utilization of health care and increasing cost effectiveness within the health system. Where appropriate, tasks are moved to less specialized health care providers including community workers (Lassi & Bhutta, 2015; WHO, 2012b) . This approach seems ideal to ensure high coverage of nutrition interventions.
Nutrition International and its partners, developed a set of demonstration projects across four countries in Africa (Ethiopia, Kenya, Niger, and Senegal) with varied health system contexts where there were access, quality, and utilization barriers to safe maternal health care at individual, community, and facility levels. The objective of this paper is to describe the rationale and methods of the multi-country study.
These Community-Based Maternal and Neonatal Health and Nutrition (CBMNH-N) projects aimed to improve the quality and uptake of antenatal care (ANC); integrate essential nutrition actions into ANC and birth care; promote delivery with skilled and trained attendants; and promote postnatal care (PNC) in hard to reach populations. Promoted essential nutrition actions included early initiation of breastfeeding and promotion of exclusive breastfeeding, iron folic acid (IFA) supplementation in pregnancy, and delayed umbilical cord clamping at birth. Each project sought to demonstrate the feasibility and potential for impact of a modified care package that could be used for decision-making and its potential for scale-up in each country context.
| METHODS
We designed community-based intervention packages to improve access, coverage, quality, and/or efficiency of maternal and neonatal The four countries; Ethiopia, Kenya, Niger, and Senegal were selected for the demonstration projects based on the following considerations: countries with high maternal mortality indices; countries where Nutrition International already had a presence and therefore ongoing collaboration with the Ministry of Health (MoH); political will to improve antenatal care and nutrition; countries with a cadre of community-based personnel (Table 1) who would be the agents to deliver the community-based intervention packages or equipped for tasks that are traditionally not in their domain. In all four countries, the interventions were at the primary health care level that is identified as the community, health post, health centre, and dispensary (Table 1) .
The specific region within each country was selected in collaboration with each MoH based on a combination of factors including MoH priority based on documented or perceived need for additional services; and existence of a local partner with capacity to work in that region, including ability to ensure the safety of project implementation and evaluation teams. The four regions presented with different needs and contexts.
• First, in Afar region of Ethiopia, the communities are pastoralists with an unsustainable food supply chain and a limited health workforce. The health care providers in this area are not necessarily from or familiar with the local customs of communities or ethnic groups where they serve, creating difficulties for developing trust in and demand for health care. The regional level MoH and the
Key messages
• It is possible to design contextually tailored intervention packages to address unique country gaps while incorporating components that had been proven elsewhere to be successful.
• A theory driven approach to programme implementation and evaluation can be feasibly developed for different contexts to improve one or more of the functions of the health system.
• There is potential of strengthening health systems in low-or middle-income countries using the primary health care to deliver health and nutrition interventions.
• Community, stakeholder, and political engagement and participation are invaluable in programme success Maternal and Newborn Health in Ethiopia Partnership (MaNHEP) served as primary partners and facilitated access to communities.
• Second, in Kakamega County Kenya, despite a national community health strategy, the availability of skilled health care providers and established health facilities, there was low utilization of services at the public health facilities, and high maternal morbidity rates.
Amref Health Africa was already established in a nearby county and was given the mandate for the community interventions of the project in Kakamega.
• Third, in Zinder region of Niger, local conflict had made it difficult for the MoH to maintain regular health care systems for women to receive the care required during pregnancy apart from established programmes such as through Hellen Keller International (HKI).
• Fourth, in the Kolda region of Senegal, there were multiple partner agencies working to improve maternal and neonatal health, but without coordination and harmonized approaches there was continued low care-seeking among pregnant women.
| National, regional, and local stakeholder commitment
To get the commitment of stakeholders to the CBMNH-N model at national, regional, and local levels, a series of meetings were held at different levels to explain the project objectives in the different countries. Nutrition International coordinated these meetings with the objective of getting stakeholder engagement and ownership through an iterative and collaborative process of project design and implementation.
The process of project leadership and stakeholder involvement growing into aligned stakeholder commitment also involved establishment of project coordination committees or teams that would provide administrative, management, technical, and supportive supervision roles at all levels. In some cases, these teams met at a scheduled regular basis throughout the project life and were vital in providing quality assurance of the implementation process and ensuring that the project plans and implementation approaches were of technically high quality and in line with national technical guidelines. These teams also ensured that all relevant implementing partners' work was well coordinated and they resolved project challenges throughout the project life. We anticipate that these teams will also have the responsibility of synthesizing the impact analysis results at country level and advising the MoH on the adoption for scale up of the components of the CBMNH-N model.
| Selection of partners
In all four countries, the MoH was considered the main implementing partner supported by other partners responsible for specific components. We selected partners already successfully engaged in components of the CBMNH-N package that was proposed in each country context. The survey teams were composed of competent researchers in various disciplines relevant to maternal health and nutrition with experience in designing and conducting epidemiological studies and a track record for publications. Nutrition International was responsible for coordination and synergy among partners.
Step 1
Step 2
Step 3
Step 4
Initiation of the project activities Community Health Worker (CHW): World Health Organization defines community health workers as members of the communities where they work, should be selected by the communities, should be answerable to the communities for their activities, should be supported by the health system but not necessarily a part of its organization, and have shorter training than professional workers. Ethiopia's Health Extension Worker (HEW) cadre, modelled after the country's successful agricultural extension worker programmes, was launched in 2003 and includes young women with at least a grade 10 education recruited at the kebele and woreda levels to be trained as HEWs. They receive 1 year of didactic and practical training in 16 health care packages including maternal and child health and nutrition. Their primary charge is to promote health, including education, screening, prevention, and selective clinical interventions. HEWs are deployed in pairs, two for every kebele, and affiliated with each kebele's health post, part of the level one primary health care unit. HEWs receive mentoring and supervision from health officers stationed at the local health centre.
d Community Health Extension Workers (CHEW): Are facility based personnel whose sole responsibility is to supervise CHWs and ensure appropriate services are delivered at the community level. Additionally, CHEWs are usually in charge of the community's Community Unit (CU). The CU is commonly referred to as the "link facility," as it links CHV (formerly CHW) to the health system and community members to the formal health centres.
e Community Health Volunteer (CHV) is the new terminology for community health workers in Kenya because it is a voluntary position.
f A matrone is a community health worker. Involved in delivery of uncomplicated cases and referral of complicated cases to health facility.
g Relais is a community health worker-they are volunteers who promote health and nutrition services at the community. Selected by the community, often men age between 18 and 50 years who reside in the community for at least 6 months.
h Bajenou gox is a community health worker-they are volunteers who promote health and nutrition services at the community. Selected by the community, often women age between 18 and 50 years who reside in the community for at least 6 months.
i Agent de Sante Communautaire (ASC) is a community health worker-Involved in delivery of uncomplicated cases and referral of complicated cases to health facility. Selected by the community, often men or women age between 18 and 50 years who reside in the community for at least 6 months.
were hypothesized to ultimately reduce maternal and neonatal morbidity and mortality in the four countries. We identified ways to bridge gaps in the provision and utilization of maternal and neonatal health services. Quantitative key performance indicators along with frequency of collection of the indicators were defined to match the different levels of the key components of the logic model and . Uptake of the interventions is described as utilization of one or more components of the CBMNH-N package and was assessed by measuring changes in key performance indicators.
| Quality and uptake of antenatal care
It is well known that ANC is more beneficial in preventing adverse pregnancy outcomes when received early in the pregnancy and continued through delivery (Klemm et al., 2011) . WHO recommends that a woman without complications should have at least four ANC visits, the first of which should take place during the first trimester (Lincetto, Mothebesoane-Anoh, Gomez, & Munjanja, 2013 
Breastfeeding
It is recommended that children be put to the breast within an hour of birth and should be exclusively breastfed for the first 6 months of life to achieve optimal growth, development, and health (WHO, 2014).
Through formative research, we identified key influencers of the Senegal: Reducing maternal and neonatal morbidity and mortality through the development and piloting of a comprehensive maternal and newborn community health policy for Senegal. IFA = iron folic acid mother in each country context, who we then involved in BCC relating to protecting, promoting, and supporting breastfeeding. Indicators measured included percentage of mothers whose infants were put to the breast early (within 1 hr) after delivery; percentage of mothers whose < 6 months infants had exclusive breastfeeding status; percentage of mothers who received advice on early initiation of breastfeeding; and percentage of mothers who received advice on exclusive breastfeeding.
Delayed cord clamping
WHO recommends that delayed umbilical cord clamping (not earlier than 1 min after birth) should be performed during the provision of essential neonatal care for improved maternal and infant health and nutrition outcomes (WHO, 2014) . Delayed umbilical cord clamping was incorporated into the training curriculum of health workers in Ethiopia, Kenya, and Senegal. The indicator we measured was the percentage of mothers who knew the benefit of delayed cord clamping.
| Delivery with skilled and trained birth attendant
Proper medical attention and hygienic conditions during delivery can reduce the risk of complications and infection that can cause morbidity and mortality to either the mother or the baby. Increasing the number of deliveries in the health facilities is an important factor in reducing health risks to both the mother and the child; the specific mechanism to reduce risks of delivery was adapted to the policy of each country.
In Kenya, where the policy advocates for facility based deliveries, 
| RESULTS
This CBMNH-N multi-country project logic models focus on pregnant women and their newborns. Each country's logic model uniquely addresses the gaps identified, though there are a few cross cutting themes that touch all four countries as described in Figure 2 , the overall programme theory. Each county's package of interventions is unique and therefore could not be described in detail here; however, we provide a brief explanation of each country's project and logic model as a key result of the setting up of the CBMNH-N project.
| Ethiopia
Nutrition International's objective in Ethiopia was to improve the coverage and quality of care for women and newborns by improving ANC, delivery, and PNC through a strong focus on training community-level providers and quality improvement (QI). The project also focused on strengthening essential nutrition actions in ANC, delivery, and PNC. The project targeted 13,000 pregnant women and newborns, and over 700 health providers in the pastoralist region of Afar, Ethiopia. 
| Key project interventions
The CBMNH-N project in Ethiopia trained TBAs to identify pregnant women, provide home visits to these women, give group family counselling, refer women to facilities for the ANC package, and make referrals to facilities in the cases where complications arose prior to or during delivery. Community leaders, elders, and religious leaders formed QI teams to monitor the work of the TBAs and health extension workers providing ANC, delivery, and PNC. TBAs and QI teams worked together to develop "change ideas" utilized to improve uptake and quality of ANC, delivery, and PNC services in their communities.
Facility-based health providers were trained in emergency obstetrics and newborn care and participated in facility-QI teams in order to monitor the quality of services provided. Furthermore, regularly facilitated community learning sessions were held to review coverage data, evaluate change ideas, and plan activities.
Health care providers were encouraged to use misoprostol to prevent maternal mortality due to post-partum haemorrhage and were taught about detecting danger signs during pregnancy. TBAs and health extension workers provided pregnant women with IFA supplements during ANC at the health posts. Health workers were trained on birth planning and taught this to pregnant women. These women were also educated on the importance of early initiation of breastfeeding and exclusive breastfeeding for infants 0-6 months of age. Pregnant women were also provided with nutrition counselling through various providers throughout pregnancy (Figure 3 ).
| Kenya
The objective of the CBMNH-N project in Kenya was to improve maternal health outcomes by building community-facility linkages that prontointernational.org) and has been used elsewhere and shown to have impact (Walker et al., 2014; Walker et al., 2015) . Building on their existing relationship with the University of Nairobi, where they were setting up a regional training hub, PRONTO was made responsible for training facility based personnel in teamwork and simulation training using the PRONTO model in Kenya. The PRONTO intervention and its impact on participant teamwork skills, obstetric, and neonatal knowledge and self-efficacy is described in another manuscript that will be printed in this supplement (Dettinger et al., 2018) . Community-based and facility-based health care personnel were trained on maternal and newborn health solutions. These solutions included the promotion of and referral to ANC, including both IFA supplements and PNC. Personnel learned to detect danger signs during pregnancy and when to refer pregnant women to health facility for delivery. The promotion of delayed umbilical cord clamping was also taught to health care providers as one of the essential nutrition actions. Pregnant women received nutrition counselling throughout pregnancy and were trained on the importance of immediate and exclusive breastfeeding for 6 months and encouraged to practice these essential nutrition actions. They also utilized the services of TBAs as birth companions to the health facility for delivery (Figure 4 ).
| Key project interventions
During the initiation of the project activities, national, regional, and local stakeholder meetings resulted in tweaking of the approach; the partners had developed the CBMNH-N approach with the assumption that all facility health workers had minimum training in emergency obstetrics. Through these initiation consultations, we found that the training and capabilities of public facility health workers were varied and MoH strongly suggested that we retrain them on a harmonized emergency obstetrics curriculum as a component of the CBMNH-N package in the project area.
| Niger
Unlike the other three countries, which had targets of programme delivery in addition to evidence generation, the project in Niger was an in-depth study to inform how to strengthen uptake, quality of care and access to ANC in rural Niger. The project targeted over 900 pregnant women in the Zinder region of Niger. Various cadres of health workers were trained on specific topics, which included the promotion of ANC, IFA consumption, birth assistance, and PNC. Health care workers were encouraged to use misoprostol to prevent maternal mortality due to post-partum haemorrhage. Health workers and pregnant women were taught about the benefits of delaying their first pregnancy and birth spacing.
Pregnant women were also educated on the importance of initiation of breastfeeding and exclusive breastfeeding as critical essential nutrition actions. The project also included nutrition counselling and monitoring of gestational weight gain.
| DISCUSSION
Provision of services (supply) and utilization of services (demand) are important pillars in the attainment of the overall goal of reducing maternal and neonatal morbidity and mortality. To achieve this goal, various models are used by programmers and researchers to better understand the causes and associated contextual factors of maternal and neonatal health and nutrition. Recommended models are generally composed of addressing barriers in demand for services and deciding to seek care, barriers in accessing the health facility and barriers in encounter with a skilled service provider, and barriers in receiving quality care once at the health facility (Thaddeus & Maine, 1994) . Use of community based personnel and outreach services are important components for such models because they mitigate some of these barriers. We did not systematically implement any specific model, rather we worked through available health systems in the four countries and identified gaps and barriers to address through improved programme designs based on a theory driven approach. Therefore, one strength of the CBMNH-N project was that each intervention package was tailored to the uniquely identified gaps in each country while incorporating components that had been proven elsewhere to be successful.
Another strength of the CBMNH-N projects was the focus on the primary health care approach that emphasizes promotion of preventive services. Various levels of the health system are skewed towards curative rather than preventive services. Health and nutrition interventions that focus on prevention have for the most part been on the sidelines, yet they are critical for the same outcomes that curative services seek to manage and treat. The potential of strengthening health systems in LMIC using primary health care to deliver health and nutrition interventions is well documented (WHO, 2008; WHO, 2013b) .
We anticipate that to some extent with CBMNH-N, we have addressed the core principles of primary health care: universal coverage; people centred services; health public polices; and leadership (WHO, 2008) .
Another critical component of all our CBMNH-N country projects was the focus on strengthening essential nutrition actions in ANC, delivery, and PNC. Overall, assessing effective functioning of essential nutrition actions within ANC, delivery, and PNC has been infrequent with focus mainly being on IFA supplementation programmes within ANC (Klemm et al., 2011; Stoltzfus, 2011) . Indeed, to be successful, IFA supplementation programmes need to be well integrated into the programmatic agendas for reducing morbidity and mortality of pregnant women and neonates (Stoltzfus, 2011) . Policy options informed by scientific evidence and accompanied with best practices can help countries make appropriate choices for their contexts and increase likelihood of achieving these essential nutrition actions. Because LMIC have limited resources to address their health and nutrition challenges, evidence-informed decisions will assist in prioritizing the use of those resources efficiently in actions proven to be effective in other contexts, yet adapting to their specific needs with project such as this CBMNH-N.
CBMNH-N projects were set up to generate evidence relevant to designing and implementing contextually tailored maternal and neonatal health packages integrating nutrition into health programmes at the community level in different countries. The impact of the projects has been demonstrated and will be reported in this supplement . Efforts to replicate and scale up components of the projects in similar contexts based on the demonstrated impact evidence of the interventions are currently underway. That notwithstanding, invaluable other lessons were learned in setting up the projects that set them up for success and have implications for others setting up health and nutrition programmes. These factors are fundamental building blocks that underpin, enable, and drive change in nutrition programmes and can proactively be made to happen in other settings (Gillespie & van den Bold, 2017) . These included building commitment, coherence, accountability, capacity, and leadership by community sensitization and engagement of community leaders as part of stakeholder dialogue; stakeholders' participation and agreement on common results' framework; and early dialogue and engagement of political and community leadership.
